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PREFACE ' 

This little volume was originally intended as a trans- 
lation of Professor Arnold's book on the same subject. 
It was, however, thought that this subject could be 
made clearer by omitting a discussion of all those 
windings which, though possible, are but seldom em- 
ployed for standard machines of medium size. Thus, 
while following Professor Arnold's splendid method of 
discussing the windings, the discussions have been 
restricted to the commonly employed drum windings 
only. 

By means of the rules given in this volume, the 
reader will, if necessary, always be able to design any 
other winding, not actually discussed here. The ex- 
planations are given in a very popular manner, so that 
anybody, possessing an elementary knowledge of the 
principles of continuous current machines should be 
able to understand them fully. 

Though the work is mainly intended for students and 
designers, the author feels sure that also the intelligent 
workman (such as the armature winder, etc.) will be 
able to understand it, and thus gain a good knowledge 
of the work in which he is employed. 

The author's thanks are due to Mr. Raymond Wood, 
of Halifax, for his kind assistance in reading the proofs. 



C. KINZBEUNNEE. 



November, 1905. 
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CHAPTER I 



THEORY OP WINDINGS 



I. Introduction 



According to the law of inductioD, an E.M.F. is 
induced in a conductor which is moving in a magnetic 




Fio. 1. 



field. The simplest case of induction is shown in 
Fig. 1, where a wire AB, having a length of I cm., 

B 



CONTINUOUS CURRENT ARMATURES 



is moved with a uniform speed v cm. per second in a 
uniform magnetic field, the induction of which is B 
lines of force per square centimetre. 

Then, according to a fundamental law, the E.M.F. 
induced in the wire AB— 

E = BZi; (1) 

in absolute units, or — 

E = BZt;10-« .... (2) 

in volts. 

It must be understood that for (/) not the total 
length of wire must be inserted, but only that length 
which is being transversed by the lines of force. 

With regard to the direction of the E.M.F. induced, 
the following rule may be applied : — 

Hold the palm of the right hand against the lines 
of force, the thumb in the direction of motion, then the 

fingers point out the direction of the 
induced E.M.F. (see Fig. 2). 

Supposing, now, that we connect 
the ends A, B of the conductor by 
means of a metal wire, then a current 
will obviously flow through the now 
closed circuit. The direction of this 
current will be the same as that of the 
E.M.F. induced, and the current can 
naturally flow only as long as an E.M.F. is induced in 
the wire. 

To produce, therefore, a constantly flowing current, 
we must either move a wire constantly in the same 




Fio. 2.— The Hand 
Bole. 
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direction and in a field of unifonn strength, so pro- 
ducing a continuous current, or, we could move the 
wire in a field as shown in Fig. 1, and after having 
arrived at the end of the field, could reverse the 
direction of motion of the wire ; this would obviously 
give an alternating current. 

The first of the above alternatives leads to the 
homopolar machine, the principle of which is shown in 




Fio. 3. — ^Principle of a Homopolar Dynamo. 

Fig. 3. The conductor AB turns round the axis of one 
pole of a magnet. The circuit is closed by two slip- 
rings with a connecting wire between them. It will 
be seen that, while rotating, the conductor AB is 
cutting a field of uniform strength. Since the direction 
of motion is always the same, the direction of the 
E.M.F. and the current induced are constant. 

Machines on this principle have actually been built 
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in many different forms. Their chief disadvantage is. 
that the KM.F. is induced in one conductor only, 
and consequently very high inductions and very high 
peripheral speeds are necessary for comparatively low 
voltages. A simple calculation will illustrate this. 
Supposing we make the length of the conductor equal 
to 1 metre, the induction of the field B = 15,000, and 
assume the comparatively high peripheral speed of 30 
metres per second^ then 

E = 15,000 X 100 X 3000 Vi 10'® = 45 volts 

Thus, notwithstanding the high induction and peri- 
pheral speed, the voltage is far too small for most 
purposes. 

To obtain higher voltages with homopolar machines, 
we must use several conductors, take the current oflF 
each of these by means of separate slip-rings, and 
connect them in series outside the machine. The 
objection to such an arrangement is the large number 
of slip-rings necessary, and the large voltage-drop and 
ohmic losses in connection with the collection of the 
current. Of course all these troubles can be overcome 
by means of a suitable design; homopolar machines 
have certainly a great future in connection with steam- 
turbines, as has been shown lately by the successful 
working of such machines for relatively high outputs.* 

The most usual method for adding the KM.F.'s 
induced in several conductors is shown in Fig. 4. 
N and S are the poles of an ordinary four-polar field- 

* See Noeggerath, '^ Homopolar DynamoB.'' Lecture read before the 
AJ.E.E., January 27, 1905. 
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magnet developed into a straight line. By connecting 
together the conductors which are simultaneously under 

I 




Fia. 4. — Series Connection of GoDdnoton. 

the influence of poles of different polarity, the E.M.F.*s 
induced in the single conductors are added to each 
other. Instead of having only one wire under each 
pole, we may arrange for any number of wires being 
connected in this manner, and can thus produce any 
voltage required. 



1. The Commutator 

A glance at Fig. 4 will show that the current 
produced in this way cannot be a direct current, Le. a 
current of constant strength and direction. For, in the 
position of the wires shown in full lines, the current is 
flowing upwards in the wires 1 and 3, and downwards 
in 2 and 4. When the wires are in the position shown 
by dotted lines, the current is flowing downwards in 
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1 and 3, and upwards in 2 and 4, i.e. it has been 
reversed. The current thus produced is an alternating 
current. To rectify this alternating current into a 
direct one, a special commutating device, the commu- 
tator, must be used. 

The principle of commutation is shown in Fig. 5. 
It will be seen that the ends of the armature-winding 
are connected to two half-rings, which are insulated 
from each other. Two brushes Bi and B2 are sliding on 




Fio. 5. — ^Principle of Commutation. 

the rings at two diametrically opposite points. It is 
obvious that the brush Bi is always in contact with the 
wire which is under the influence of the north pole, and 
brush B2 with that which is under the influence of the 
south pole. The polarity of each of these brushes will, 
therefore, always be the same, and the current taken 
off these brushes will be a continuous or direct current. 
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The arrangement as shown in Fig. 5 is not suitable 
for large machines, on account of the considerable 



AAAA 



Fig. 6.— Wave form of E.M.F. as produced by an Armature with Two Commutator 

Segments. 

variations of the E.M.F. (and hence the strength of the 
current) during each revolution. When passing through 
the neutral zone (i.^. 
the zone between the 
pole-tips) the E.M.F. 
induced in the wires 
wiU be zero, while it 
will be a maximum 
in the position of 
the wires as indicated 
in Fig. 5. The in^* 
stantaneous values of 
the E.M.F. (and the 
current) induced are 
shown in Fig. 6 as 
function of the posi- 
tion of the wires. 
To reduce these vari- 
ations of the current, 
we have to increase the number of coils and commutator 
segments. Fig. 7 shows the arrangement of four coils 




Fig. 7.— Armature with Four Coils and Four- 
part Commutator. 
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and a four-part commutator. The maxima and minima 
of the currents in the two coils are now obviously 
displaced by 90°, and we obtain the total current by 
adding the abscissas of the two curves I and II (Fig* 8). 
From the resulting curve, III, we see that both the 
absolute and the relative variation of the current 
(referred to the maximum) have become smaller. By 
farther increasing the number of coils and commutator 




Fig. 8.— Besultant Ware Form of EJME.F. produced by an Armature with 
Four Coils and Four Gonunutator Segments. 

sections, we are able to reduce the variations of the 
current to any minimum required. 

The following table shows the variation of the 
current in per cent, as a function of the number of 
commutator sections per pole : — 



Number of commutator^ 
sections per pole ... J 

Variation of current in^ 
percent. ••• .../ 



1 

60 



14 



10 
0-61 



15 
0-28 



30 
0-07 



45 
0-03 



Thus a winding for a continuous-current armature 
should have several coils and commutator sections per 
pole. 
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3. Types of Windings 

The two main types of continuous-current windings 



are- 



1. Ring Winding. 

2. Drum Winding. 

The diagram of a ring winding is shown in Fig 9. 
The characteristic feature of this winding is that the 




Fio. 9. — Bing Armature. 

connecting conductors are carried through the interior 
of the ring core, and the winding thus forms one con- 
tinuous spiral, from which, at equal intervals, branch 
connections are led to the commutator. 
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The diagram of a simple drum winding is shown in 
Fig. 10. The characteristic feature of this winding is, 
that the conductors are arranged only on the circum- 
ference and on the sides of the armature, and that each 




U 10 

Fio. 10. — Drum Armature Connections. 

conductor is connected to one which is under the 
influence of an opposite pole. 

Notwithstanding its great advantages, the ring 
winding is used in special cases only. Modern machines 
of average voltages are almost exclusively provided with 
drum-wound armatures, and these only will be con- 
sidered here. 



4. Explanation of Terms 

As mentioned above, the characteristic feature of a 
drum winding is the connection of one wire with 
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another which is under the influence of a pole of 
opposite polarity. These connections can, however, be 
made in diflferent ways, and accordingly we have to 
distinguish between Lap Windings (sometimes called 
Loop Windings) and Wave Windings. 

Lap Windings. — If the conductors are connected 
with each other in such a manner as to form loops, so 
that, starting from one commutator section and passing 
through a part of the winding, we arrive at a commu- 
tator section next to the one we started from, the 
winding is called a lap or loop winding. 

Fig. 11 represents such a winding for a four-pole 




Fio. 11.— Lap Winding. 

drum armature, the development of which into a 
straight line (Fig. 12) shows more clearly the forming 
of the loops and the manner of their overlapping. 

A glance at Figs. 12 and 13 will show that there 
are two ways of obtaining a lap winding. The loop 
may either be open, as in Fig. 12, or closed, as in 
Fig. 1 3. The only difference between these two wind- 
ings lies, as we shall see later on, in the winding pitch. 
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but there is no difference between them from the 
electrical point of view. 

Wave Windings. — If the connections between the 
single conductors (or coils) advance continually in one 
direction, so that, beginning from one bar and passing 






Fias. 12, 13.— Lap Windings. 

through a part of the winding (one coil), we do not 
arrive at a commutator section next to the one we 

started from, but at one being at a 
considerable distance from it, the 
winding is called a wave winding. 
It represents itself in a zigzag or 
wave shape. Fig. 15 shows a wave 
winding for a four-pole machine. 
The development of this winding 
into a straight line is shown in Fig. 
16, and shows more distinctly the 
wave form. 

Winding Element or Element. — That part of a 
winding which lies between two commutator sections 
is called a winding element. With a drum winding 




Fio. 14.— Lap 
Winding. 
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an element consists of at least two conductors, but may 
consist of any larger, even number. In Figs. 12, 13, 
and 16 each element consists of one turn or two 
conductors, while in Figs. 14 and 17 the same elements 
consist of three turns or six conductors. 




Fig. 15.—Wave Winding. 



The simplest winding element is the coil, which 
again may consist of either one or several turns. The 





S 
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F1O8. 16, 17. — ^Diagrams of Wave Winding. 

term " coil " is commonly used in a mechanical sense, 
indicating that a number of turns are wound together, 
as, for instance, in the case of a former-coil. 
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If we call G the number of winding elements on 
one armature, and K the number of commutator sec- 
tions, then it follows from the above definition of the 
term " winding element " that 

G = K 

Let us further call g the number of conductors per 
element, and Z the total number of conductors on the 
armature; then 

As explained above, each element consists of at least 
two conductors. Where an element consists of more 
than one turn, thus of more than two conductors, we 
shaU, for the sake of simplicity, in our future considera- 
tions combine all the conductors on each side of the 
winding element, and call this combination of con- 
ductors a ** winding bar," or, shortly, "bar." Thus 
each element consists of two bars, and each bar may 
consist of any number of wires. In Figs. 14 and 17 
each bar consists of three wires, and is marked " B." 

PiteA.— The distance between the beginning of one 
winding element and the beginning of the next element 
connected to the first one is called " pitch." This pitch 
may be measured either by the number of bars passed, 
or by the number of commutator sections passed. In 
the former case it is called winding pitch, for which the 
symbol y is generally used ; in the latter case it is called 
commutator pitch (y^). 

An example will make this clear. In Fig. 12 is 
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shown the diagram of a lap winding. Bars 1 and 6 
form one, bars 3 and 8 another winding element. The 
distance between the beginning of the first element 
(bar 1) and the beginning of the next element (bar 3) is 
obviously 3 — 1 = 2. Thus the winding pitch is in 
this case 2. With regard to the commutator pitch, it 
will be seen that bar 1 is connected with commutator 
section I, while the beginning of the next element, viz. 
bar 3, is connected with commutator section II. Thus 

2r. = II - I = 1 

Fig. 16 shows the diagram of a wave winding. 
The winding pitch is here again equal to the distance 
between the beginning of the element (i.^. bar 1) and 
the beginning of the next element connected to the first 
one (i.e. bar 7). Thus 

y=7-l=6 

From Fig. 16 it also follows directly that y^^ = 3. 

In both the lap and the wave winding the pitch y is 
combined . of the front and back pitch y^ and y^ respec- 
tively, yi and y^ represent in all cases the distances 
between the bars connected with each other ; the total 
pitch, y, is equal to the algebraic sum of y^ and y^. 
Thus, in Fig. 12, yi = +5, and y, = — 3 ; hence 

y = +5 - 3 = +2 

In Fig. 16, yi = +3, ya = +3 ; hence 

y= +3 + 3= +6 

The following table contains the usual terms and 
the corresponding symbols : — 
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Total number of conductors 




. Z 


Number of winding elements 




. G ^ 


Number of winding bars 




. N ■ 


Number of conductors per winding element... 




• 9 ■' 


Number of commutator sections 




.. K 


Total winding pitch 




.. y 


Part pitches 




• ViyVt 


Commutator pitch 




- y* 


Number of poles 




.. 2jp 


Number of armature sections in parallel 




.. 2a 



For drawing a winding diagram it is convenient to 
number the winding bars. This should be done as 
indicated in Figs. 18 and 19. Fig. 18 shows the 





Figs. 18, 19. — ^Methods of Numbering Conductors on Armature. 

numbering for hand- wound, Fig. 19 th&t for former- 
or bar- wound, armatures. 



5. Drum Windings 

(a) Parallel Windings 

The winding of every drum armature consists of as 
many armature sections as there are poles. Thus a 
bipolar armature consists of two, a ten-pole armature 
of ten sections, etc. 

The characteristic feature of a parallel winding is, that 
all the armature sections are connected in parallel ; thus 

a ^ p (see Figs. 20 and 21) 
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» 

With regard to the pitch, the following conditions 
must be fulfilled : — 

„ = ^*.2 (8) 

yu=±i (5) 

For h any even number may be taken; it must 
not, however, be too large, as otherwise there would be 






^IkMMkMkK^^^^ 




+ 




Fig. 20.— Diagram for a Two-pole Fig. 21. — Diagram for a Four-pole 

Parallel Winding. Parallel Winding. 

a possibility of two wires connected with each other 
coming under the influence of poles of the same polarity, 
so that the E.M.F/s induced in these wires would 
oppose each other. This is shown in Fig. 22. We 
may connect wire 1 with either 2 or 3, but we must 
not connect it with 4, as in this case the E.M.F. induced 
in 1 would be equal and opposite in direction to that 
induced in 4 ; the resultant voltage would be zero. 

It follows, therefore, that 6 must be selected so as 
to make yi and y^ about equal to the pole pitch {i.e. the 
distance from centre to centre of two consecutive poles). 

Both yi and y^ must be odd numbers. This rule 
applies to all ordinary drum windings. 
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t/i and ^a niust have opposite signs ; if the one is 
positive, the other must be negative, and vice versA. 




Fig. 22.— Winding Pitches. 

Their algebraical sum, i.e. the total pitch y, is thus 
always equal to ± 2. 

The drum paraUel winding ]b always a loop winding, 
and the number of collecting points on the commutator 
must always be equal to the number of poles. 

The current flowing through each conductor 

^ (6) 



C, = 



2p 



where C stands for the total armature current. The 
cross - section of the conductors should be sele6ted 
according to this current (Ci). 

The greatest possible potential difference between 
two consecutive bars is equal to, or slightly smaller 
than the terminal voltage. 
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Example I 



Bipolar armature. N = 26, 2/> = 2, K = 13. 
According to formulse (3) and (4) — 



26 ± * . o 



y2 = 



26 ±b 




Via. 23.— Diagiam of Parallel Windiiig, with N = 26, y, = +11, y, = -13. 
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For h we may, as mentioned above, insert either 
or any even number. In this particular case we make 
i = 0, and get thus — 

yi = 15 or 11, y, = 13 

In Fig. 23 the winding diagram is shown for y, = 11 
andya = —13. 

For the brush position, as shown in the diagram, the 
path of the current in the armature is as follows : — 

^^e— 19— 4~17—S— 16— as— IS— M— 11— 33— 0.>^ 
Brash IcT' >Bniih II 

^-a3_10 — 86 — 13— 1 — 14— 8— 1«— » — 18-^ 

It will be seen from this table that the current 

branches at brush I flows through the two parallel 

connected branches, both branch-currents combining 

again under the second brush, IL 

Supposing we make for the above armature 6 = + 2, 

then 

yi = 14 ± 2, y^ = 14 

This is an impossible winding, as both yi and y^ are 
even numbers. To show the impossibility of this wind- 
ing, Fig. 24 has been drawn, where yi = 16, yj = — 14. 
It will be noticed that this gives an incomplete wind- 
ing, since it is closed before all the conductors axe con- 
nected up. 

With 6 = — 2 the winding is also impossible, but 
becomes possible for 6 = ± 4, for in this case 

yi = 17 or 13, y^ = 15 

or — 

yi = 13 or 9, y^ = 11. 

All these values give possible windings, but only 
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those should be taken which are approximately equal 
to the pole pitch (which in this armature is — = 13). 




Fio. 24.— Diagram of Parallel Winding, with N = 26, yi = 16, y, = -14. 

With b > the winding is said to have a shortened 
pitch. The following is an example of such a wind- 
ing :— 
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Example II 

Bipolar armature with shortened pitch, N = 24, 
2p = 2, K = 12, 6 = - 6 ; hence 




Fig. 25.— Diagram of Parallel Winding, with Shortened Pitoh, irhere 



< > 
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^^ 24-6 y ., 24-6 ^ 

It wiU be seen from the diagram for this winding 
(Fig. 25) that the <5urrents flowing in the armature 
conductors between the short-circuited bars are of 
opposite direction, so that their resultant magnetic 
action is zero. It follows, that a shortening of the 
pitch, or, what is the same, an increased of i, tends to 
reduce the armature reaction. 

Commonly h is made as big as allowable, having 
regard to the conditions mentioned above. 



Example III 

Slotted armature, hand-wound. N = 32, 2p = 4, 
6= -4. 

yi = 9, 3^2= -7 

The diagram for this four-polar armature is shown 
in Fig. 26. The numbering of the wires should, as 
explained before, be such that the bars on the top of 
alternate slots should bear even and odd numbers 
alternately (see also Fig. 18). 

For the brush position, as indicated in the diagram, 
the path of the current in the armature is as follows : — 

yM— 4— 27— a— 96— aav 

y^-*^ — 1 — 10— 8— 12— 50v 



\X24— 17— 26— !•— 2«— ai'y 

■ / 



BniMh 

\ 

^18— 20— 11— 18—9—16 

Hand-wound armatures are but seldom made nowa- 
days, except in the case of bipolar armatures. By far 
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the majority of multipolar annatures are provided with 
former windings or bar windings. 




Fio. 26. — Diagram of Parallel Winding (Blotted, Hand- wound Anuatare), 

with N = 32, y, = +9, y, = -7. 



Example IV 

Four-pole, former-wound slotted armature. N 
2p = 4, K = 24, h- +4. 

48 + 4 



= 48, 



2,. = l«+i 4-2 = 15. 



y% = 



= 13 
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The diagram for this winding is shown in Fig. 27. 
With a multipolar parallel winding, the conductors 
of one armature section are always under the influence 



Fia. 27.— Diagmm of a P&nllel Winding (Blotted, Formei-woiiiid Aimatnre), 
with N = 48, y, = IS, p, = -la 

i. . 

of two consecutive poles only. Taking, for instance, 
the example of a four-pole armature, two of the arma- 
ture sections will be under the influence of one pair 
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of poles, while the two other sections will be under 
the influence of the second pair of poles. Should it 
now happen that the strengths of the two pairs of poles 
differ only very little from each other (the cause of this 
may be either blow-holes in one of the field-magnets 
or a slightly eccentric position of the armature, etc.), 
then the E.M.F. induced in one section of the armature 
will obviously differ from that induced in the other 
section. Since, now, all the sections are connected in 
parallel, an equalizing current will flow through the 
armature and the brushes. This current will, on account 
of the low armature resistance, be comparatively large, 
and will cause ohmic losses in the armature and 
sparking at the brushes. 

In order to avoid these troubles, equipotential con- 
nections may be used. As the name indicates, all 
commutator sections of equal potential (or, what is the 
same, of similar relative position with regard to the 
magnetic field) are connected together. The equalizing 
currents flow then no longer through the armature and 
the brushes, but through these equalizing wires. 



Example V 

Armature with equipotential connections. N = 24, 
2p= 6, K= 12, 6= -6. 

The . diagram of connections for this winding is 
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shown in Fig. 28. It is not necessary to cross-connect 
all the commutator sections ; in the case of large machines 




Fig. 28.— Diagram of Parallel Winding with Eqnipotential Gonneotions. 

N = 24,y, = +5,jf, = -3. 

it would be sufficient to connect i, i, or even fewer 
sections with each other. 



(6) Series Windings 

In a series winding half of the armature sections 
are connected in series, and the two halves are connected 
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in parallel. Thus, with a series winding, "a" is 
always equal to 1 and independent of the number of 
poles. 

A series winding must always be a wave winding. 

With regard to the pitch the following conditions 
must be fulfilled : — 

y = 2/1 + 2/2 = -^ ... (7) 

y* = -^ (8) 

N 
K = f (9) 

yi and y^ must be odd numbers; N must there- 

N ± 2 
fore always be such a number that becomes an 

^ P 

even number, y, and y* may either be equal to or 

diffe«nt ftom Jh other; the former k eoilonly the 

case. 

The number of collecting points on the commutator 
may be 2 for any number of poles^ but may always be 
increased to 2/?. 

The current flowing through each conductor is 
always one-half of the total current ; thus — 

C 

The greatest possible potential difference between 
two consecutive winding bars is equal, or nearly equal, 
to the terminal voltage of the machine. 

yj^ and K must not have a common factor. 



^-» 
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Example VI 



Six-pole series-wound armature. N = 64, 2» = 6 
= ^ = 32. 



Fio. 29.— DugranK^ Seriea Wiudiag. N = «, Vi = It, v,= 11. 

We must take +2, since for — 2, y would not 
become a whole number. 
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We get thus, y = 22, and make y^ = y^ = 11, 
The diagram for this winding is shown in Fig. 29. 
The following table indicates the paths of the current in 
the armature winding. It will be seen that there are 
two circuits in parallel, each of these circuits consisting 
of three series-connected armature sections. 

JlA—ia 84 -46 66 8 14—86 W -4 T — 66 6 16—37—88— 



-BrudlU 
6 6t 48 8t— 26—16 4 6 1 4 6 86 24 13— a- 6 6 44 8 8 V T 

As mentioned above, y^ and y^ may differ from each 
other. In the following an example is given for this 
case. 

r 

Example VII 

Four-pole series- wound armature. N = 38, 2/? = 4, 

K= 19. 

38 ± 2 

y = yi + y^ = -^— 

We take +2, though the winding would also be a 
possible one with - 2. Hence 

yi + y^ = 20 

We may now either make yi = 9 and yj = 11, or 
yi = 7 and y, = 13. We select the latter pitch, and 
have then — 

yi = 7, ya = 13, yfc = 10 

This winding is shown in Fig. 30. Its characteristic 
feature is (like that of ^ a parallel winding with a 
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shortened pitch) that the currents flowing in the wires 
between the short-circuited bars are of opposite direc- 
tion ; the resultant magnetic action of these wires (in 
Fig. 30 it is wire 5 and 6, 15 and 16, 25 and 26, and 



Fio. 30.— Font-pole SeoiM-woimd Arautma N = 36, 2|i = 1, K = 19, 

33 to 36) is zero. This winding has, therefore, the 
advantage of a smaller armature reaction. It has, 
however, several disadvantages, which nearly compen- 
sate the aboTe-mentioned advantage. Amongst the 
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disadvantages are the following: a small commutating 
zone and a smaller mutual self-induction of the short- 
circuited coils, owing to the latter not being situated in 
the same slots. 

As mentioned already, it is more usual with these 
windings to make y^ = y^ 

With armatures for higher voltages the number of 
commutator sectioDs must be made sufficiently large in 
order that the voltage between two consecutive sections 
shall not exceed a certain amount. (From 6 to 12 
volts, according to the size and voltage of the machine.) 
With the usual windings there are generally two wind- 
ing bars in one slot (see Fig. 29), so that the number of 
slots is equal to the number of commutator sections. 
With small machines this would sometimes give an 
unsatisfactory arrangement, as the insulation for so 
many slots would take up an excessive part of the avail- 
able winding space. In such cases the number of slots 
may be reduced by placing more than two bars — say, for 
instance, four or six — in one slot. This winding is 
commonly used for former-wound high- voltage arma- 
tures, and is otherwise quite similar to that of an 
ordinary series-winding. 

As an example of this winding we may take a four- 
pole former-wound armature with 102 winding bars (or 
former sides). The corresponding number of commu- 
tator sections is 51. By placing 2 fonner sides in 
one slot, we should get 51 slots, which in the case of 
a small machine may be excessive. We may, how- 
ever, reduce the number of slots to one-third, i.e. 17. 
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We get then, with the same number of commutator 
sections, 6 fonner sides per slot. This winding has 
also the advantage of a high mutual self-induction of 
the short-cirouited coils. 



(c) Series-parallel Windings 

We have seen that with a parallel winding the 
number of armature sections in parallel is equal to the 
number of poles, while with a series winding it is always 
equal to 2. It may now happen that for some particular 
design neither of the two cases is suitable. 

The armatures of small machines are generally wire- 
wound. whUe for big armatures bar windings should 
be used, the advantages of the latter over the former 
being as follows : better mechanical construction of the 
winding, saving of winding space (the insulation of 
many thin wires takes up more space than that of few 
thick bars), and an easy replacement of damaged coils. 
For this reason, it will be found, parallel windings are 
generally not suitable for big machines ; the current per 
conductor is too small, and thus the conductors too thin. 
If, in such a case, we try to use a series winding, we 
may Jfind that the current per conductor becomes too 
large, and consequently the number of wires and com- 
mutator bars too small. 

An example will illustrate this beat. Supposing that 
we had to design the winding of a 14-pole dynamo, 
where C = 840. With a parallel winding the current 
per conductor would be ^ = 60. This current would 
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be too small for a bar winding, since, assuming a cmrent 
density of 4 amps, per square millimetre, the cross- 
sectional area of the conductor would be only 15 square 
millimetres. If, on the other hand, a series winding be 
selected, the current per conductor would be ^ = 420, 
which, apart from being too large for one bar, would 
reduce the number of commutator bars below the per- 
missible limit. 

In such a case the series-parallel winding may be 
used. The characteristic feature of this winding is, 
that the number of armature sections in parallel may 
be larger than two, but smaller than the number of 
poles. Thus, for the machine mentioned above, we 
could make 2a = 2 (series winding), 4, 6, 8, 12, or 14 
(parallel winding). About 150 amps, being the most 
suitable current per conductor for this machine, we 
should make 2a = 6. 

It will be seen from the above explanation that the 
series-parallel winding is most suitable for large multi- 
polar machines. It has been devised by Professor 
Arnold, and is very extensively used in modern machines. 

For series-parallel windings we have— 

y = yi + y2= — ^. . . . (lo) 

K ± a /,,x 

y* = -p- (11) 

K=2 (12) 

yi and y^ must be odd numbers ; N must therefore 
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be selected so that is an even number ; yx may 

P 
be either equal to or diflFerent from y, ; the former is 

commonly the case. 

The number of collecting points on the commutator 
must be equal to the number of armature sections in 
parallel (2a). 

Before giving some examples of series-parallel wind- 
ings, it will be necessary to explain briefly the meaning 
of the following terms :— 

1. Symmetrical and Asymmetrical Windings. — If the 
numbers of active-conductors in the different armature 
sections differ from each other, the E.M.F/s induced in 
these sections will not be equal, which involves a certain 
disadvantage. In designing a winding, care should, 
therefore, be taken to make the winding symmetrical, 
if possible. Since the total number of armature sections 
is equal to 2a, and the number of inducing bars is N, we 
may say — 

A winding is symmetrical, if the number of inducing 
bars (N) is divisible by the number of armature sections 
(2a), or if K is divisible by a ; it can be easily shown 

that the winding is also a symmetrical one if ^ is a 

whole number. 

2. Singly and Multiply Re-entrant Windings. — An 
armature winding is said to be singly re-entrant if it 
closes itself (or returns to its beginning) after having 
made one passage through all the coils arranged round 
the armature core. This will be explained by Fig. 31, 
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where for the sake of simplicity a ring winding is shown. 
Apart from being singly re-entrant, an armature may, 




Fia. 31.— Singly Be-entrant Ring Winding. 

of course, have either two, or any larger number of arma- 
ture sections in parallel. 

An armature winding is doubly re-entrant if it only 
re-enters itself after having made two passages round 
the coils of the armature. Fig. 32 serves as illustration 
for such a winding. Starting from any point, for 
instance A, it will be seen that we have to go twice 
round the armature before we return to A, and all the 
wires are connected up. 

In the same way a winding may be trebly or 
multiply re-entrant. 
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The symbols generally used for indicatiDg the re- 
entrancy of a winding are — 

o for a singly re-entrant winding. 
(S) for a doubly re-entrant winding. 
CSS) for a trebly re-entrant winding, etc. 




Fio. 32.— Doubly Be-entrant Ring Winding. 

3. SimpleXy Duplex^ or Multiplex Windings (Single, 
Double, or Multiple closed Windings). — An ordinary 
Gramme winding, such as shown in Fig. 31, is called a 
simplex or singly-closed winding, because it consists of 
one single winding, which is closed in itself. Apart 
from being a simplex winding, it may be either singly 
or multiply re-entrant. For instance. Fig. 32 shows a 
simplex, doubly re-entrant winding. 
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An armature may, however, be wound with two 
independent circuits, each of which may be singly or 
multiply re-entrant, and is then called a duplex, or 
doubly-closed winding. Fig. 33 shows a duplex singly 
re-entrant winding ; it consists of two absolutely inde- 
pendent windings, which are distinguished from each 
other by full and dotted lines respectively. Such an 




Fig. 33.— Singly Re-entrant Duplex Winding. 

armature might be provided with two separate commu- 
tators (one on each side of the armature), or one commu- 
tator may be used and the number of sections doubled, 
the two sets of sections being alternated between each 
other. In this case the brushes must be wide enough 
to cover simultaneously at least 2^ commutator sections, 
so as to collect from both windings simultaneously. 



THEORY OF WINDINGS 39 

With regard to the number of armature circuits in 
parallel, it is obvious that in a duplex winding this 
number is twice as great as it would be were the same 
armature simplex- wound. 

An armature with three entirely independent wind- 
ings would be called triplex wound, and the number of 
armature circuits in parallel would be three times that 
of a corresponding simplex winding. 

Generally, if we call m the number of independent 
circuits on a multiplex winding, and 2a the number of 
armature circuits in parallel on each of these m inde- 
pendent windings, then the total number of circuits in 
parallel will be 2am. 

Whether an armature is simplex or multiplex wound 
depends entirely on the ratio of y^, and K, or y^, and a ; 
if y* and K have no common factor, the winding is 
simplex. If the common factor of y* and K is 2, the 
winding is duplex, or, generally, if the common factor 
of y^ and K is m, the armature is m-plex wound or 
w-fold closed. 

The following symbols are commonly used : — 

o for a simplex- wound armature. 
00 for a duplex-wound armature. 
000 for a triplex-wound armature, etc. 

To return now to the series-parallel winding, two 

important conditions should always be fulfilled, viz. : — 

1. The winding should be a symmetrical one, i.e, 

^ should be a whole number. 
a 
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2. If the total ^ is not a whole number, the winding 

a 

should consist of as many independent windings as to 
make ^ a whole number for each of the independent 

windings. 

An example will explain these conditions better. 
Supposing that with a twelve-pole armature we wish 
to make 2a = 8 ; the winding, if made as a simplex 

winding, would not be symmetrical, since ^ would not 

be a whole number. If, however, we select a duplex 
winding, then for each of the two independent windings 

2a must be equal to 4, and ■? would be a whole number 

a 

for each of the two independent windings. The same 
would be the case f or w = 4 (quadruplex winding), as 
2a would be equal to 2 for each independent winding, 

and ^ would be a whole number, viz. 6. 
a 

Another example. For the same machine {2p = 12) 
we wish to make 2a = 14. This would not give a 
symmetrical winding ; the only possible winding is here 
one with m'=i7y hence 2a = 2 per independent winding. 

This would give -^ = 6. 

If the above conditions 1 and 2 are observed, — will 

a 

always be a whole number ; thus a series-parallel winding 

K 
should always be so designed that — is a whole number. 

Experience has shown that in the case of large 
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machines provided with series-parallel windings it ia 
of advantage to make equipotential connections. In 
such a caae it is, however, quite sufficient to connect 
every fourth or eighth commutator section. 

Example VIII 
Eight-pole armature, slotted, fornier-wound. N= 76, 
2jD = 8, 2a = 4, K = 38. 



Fia. 3t.— Eight-pole Amutnre. N = 76, 2p = 8, 2a = 4, K = 3S, 




42 CONTINUOUS CURRENT ARMATURES 

, 76 - 4 , o n 38 - 2 ^ 

yi + y^ = — ^ — = 18, y^-y^- 9, y^ = — ^ — = 9 
This is apparently the simplest case of a series- 
parallel winding ; c being a whole number, the armature 

may be simplex- wound. 

Fig. 34 shows the diagram for this winding, while 
the following table indicates the path of the current in 
the armature : — 

^Ti— M— M-^7--38— 39— so— 11— S-49— ••— SI— 4S'-38> 

6— 14— 23— 33— 41— 50— 6»— 68— 1— 10— 1»— S8* 37— 40> 
Brmh I-r<:^ ^> Brash II-II" 

'43— «3— 61— 10— 3— 13— 31-30— 39-48— SY- 86—76—0 

27—18—9—76—67—5 8 4 9 4 -31—33—13—4—71' 



Example IX 

Ten-pole series-parallel armature, slotted, former- 
wound. N = 144, 2/) = 10, 2a = 6, K = 72. 

Since ^ is not a whole number, the armature cannot 
a 

be simplex-wound. The smallest value of m that will 

satisfy this condition is 3 ; for, 2a will then be 2 for 

each independent winding, and ^ will be 5. The 

armature must thus be triplex-wound. 

, 144 ± 6 ^^ 
yi + ^3 = — g = 30 

We make yi > y^, thus — 



yi = 17, and y, = 13, 

A 72 ± 3 _ 
and y^ = = 15 
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Fig. 35 shows the diagram for this winding. 

It is obvious that this winding cannot be designed 
for any number of armature conductors. If, therefore, 
the calculation gives an unsuitable number of wires, 



Flo. 35.~-Teii-p(de Series-pamllel Wonnd Amutiire. N = 144, 2p = 1 0, K = 72. 

this must be reduced or increased to the nearest num- 
ber which will fulfil the conditions for the respective 
winding. For instance — 

2;? = 16, 2a = 12, N = 410, K = 205 



_J 
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then yx + y, = M^-^-^ = 52f or 49| 

The above number of conductors is, therefore, an 
impossible one for this winding. Supposing we increase 
the number of wires to 412, then 

,. + y, = H^^'i = 50 

gives possible values for y^ and ya, viz. 25. 

The winding is therefore possible with 412 con- 
ductors ; in this case, however, K is equal to 206, and 

— is not a whole number. The next number of com- 
a 

mutator bars which fulfils this condition is 210, and 

the corresponding number of conductors N = 420. 

Since — 

, . 420 + 12 - , 
^1 + ^2= g = 54 

this number of conductors fulfils all conditions. The 
winding will be a symmetrical one with ?n = 3 (triplex 
winding). 

It will be easily seen that by inserting into formulae 
(10) and (11) the corresponding values for 2a, the series- 
parallel winding may be transformed into either a 
parallel winding or a series winding. In this way we 
may design a parallel winding as a wave instead of a 
loop winding, and thus avoid the disadvantages of a 
pure parallel winding (see p. 26). 



CHAPTER II 

THE CONSTRUCTION OF DRUM WINDINGS 

I. Hand Windings 

Hand windings are commonly used for small two-pole 
armatures only. They are too expensive to manufacture, 
have an ugly appearance, and do not admit a ventilation 
of the side connections. In the case of a breakdown of 
one of the lower coils the whole winding has sometimes 
to be taken off before the damaged coil can be got at. 

Hand windings are generally made after the diagram 
Fig. 36. The armature has in this example fourteen 
slots and fourteen coils, each consisting of three turns, 
so that there are two winding bars in each slot, each of 
which consists of three conductors. The number of 
winding bars per slot need not be just two, but may, as 
explained on page 13, be any multiple of 2. Two or four 
bars per slot is, however, most suitable for hand windings. 

In Fig. 36 the beginning and end of each coil is 
numbered. Thus the beginning of the first coil is 
marked " 1," the end of it " 1'," etc. The coils are first 
wound in the order as indicated by the Eoman figures 
I-VII. Thus coils 1 and 8 are wound first into slots 1 
and 8. Next coils 4 and 1 1 are wound into slots 4 and 

45 
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11, then coils 6 and 13 are wound into their respective 
slots, etc., until finally coils 3 and 10 are wound. 




Fig. 36. — Diagram for Two-pole Hand- wound Armature. 

The ends of the coils are first of all left open, and 
after all the coils have been wound on the armature, the 
end of each coil is joined with the beginning of the next 
one and the corresponding commutator bar. For instance, 
1', being the end of coil 1, is joined with 2, being the 
beginning of coil 2, and the corresponding commutator 
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bar 1 ; in thia way all the ends are joined with each 
other and with the commutator bars. 

Besides the slot insulation and the insulation between 
any two coila, the sides of the windings must also be 
properly insulated. This is commonly done by covering 
the sides of each coil with a sheet of insulating material 
immediately after it has been wound. For instance, 
after coils 1 and 8 have been finished, their side connec- 
tions are covered with an insulating sheet, on which 
then the side connections of the next set of coils are laid, 
which in turn are insulated in the same manner, etc. 
Obviously this insulation takes up much space, and 
prevents the air from reaching and cooling the end 
connections. 

In order to find the distance that should be kept 
between the ends of the armature and the commutator 
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and bearing respectively, it is necessary to determine the 
area. A, of the winding space required for the side con- 
nections (see Fig. 37). 
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Let af be the area of each conductor, iocludlDg insu- 
lation, in aqnare millimetres, and Z the total number of 
conductors on the armature ; then 



= CZa( 



(13) 



where C is a constant, depending on the size and voltage 
of the machine. 

From the winding area A thus formed the length I 
between the armature sides and the commutator and 
bearing can easily be sBtimated. 

In the following table are given a few approximate 
values for the constant C : — 



VdUp,. 


Size in KW. 


Coutant 0. 


Up to 150 
Up to 500 
Up to 150 
Up to 500 


Uptol 
Up to 1 
Up to 5 
Dp to 6 


1-4 
1-6 
1-3 
1-6 



— Hand-woimd Armature. 



Fig. 38 shows a complete hand-wound armature 
which is wound after the diagram in Fig. 36. 
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2. Bar Windings 

With large machines for low and medium voltages 
the number of conductors becomes comparatively small, 
and their cross-sectional area correspondingly large. It 
is then no longer possible to use wire conductors, but 
solid bars of either square or rectangular cross-section 
must be employed. These bars are either drawn through 
slots, as is commonly the case, or otherwise arranged on 
the circumference of the armature. 

The connections between these conductors may either 
be turned down in evolutes, and thus placed at the 
sides of the armature (this type of winding is called 
" Evolute Winding "), or the conductors may be carried 
out in the cylindrical surface and bent to meet obliquely 
in two overlapping layers (such a winding is called a 
« Barrel Winding"). 

These two types of bar windings will now be 
described. 

(a) Evolute Windings 

The characteristic construction of this winding is 
shown in Figs. 39 and 40. It consists of the bars 
or conductors Ni and Na and the V- or evolute-shaped 
connectors Ci and Cj ; it may be grouped either as lap 
winding, as shown in Fig. 40, or as wave winding, 
shown in Fig. 39. One of the evolute bent strips is 
always bent inwardly, the other one outwardly, and their 
outer ends are usually soldered on to the conductors. 

E 
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It is clear, therefore, that with two bars per slot the 
conductors must be alternately long and short. The 




Fio. 89.— View of Evolnte Winding, W»Te GroupiDK. 



Fia. 40.— View of Evolute Winding, Lap Grouping. 

longer conductor should always lie above the short 
one in the slot. 
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The constraction of the evolute for the cooDectiiig 
BtripB is shown in Fig. 41. The radius r should be 
made as large as possible. 




Fio. 41. — Conitraotioii of Evotnte. 



A simple coDstruction of an evolute winding is shown 
in Fig. 42. The bars and the strips are here cut out of one 



Fio. 42.— Erolnte Winding ; Section oonuBting of Bent Strip. 

copper sheet, are bent into shape, and then connected by 
means of a short copper strip S ; the latter is soldered or 
otherwise connected with the corresponding commutator 
section. 

In large machines it is usual to anchor the middle 
part of each evolute to an insulated clamping device, 
built up like a commutator, and sometimes called a "false 



Sa CONTINUOUS CURRENT ARMATURES 

commutator." This method of construction is shown in 
Fig. 43. It will be noticed that Uus winding cousiste of 



f 



1^ 



Fia. 48.— Efolate Winding,' Seotlou ooDibting of Eight Piecea. 

no less than eight parts, viz. the two conductors, four 
side connectors, and two clamping pieces, which are 
shaped like commutator bars, and insulated from each 
other by means of strips of presspabn, mica, etc. The 
conductors and side connections are riveted and soldered 
together. 

Fig. 44 shows a complete armature provided with 
evolute winding. 



— Armatnre with E volute Winding, 



THE CONSTRUCTION OF DRUM WINDINGS 



53 



(ft) Barrel Windings 

The characteristic feature of the barrel winding is 
that the conductors, instead of being turned down in 
evolutes, are carried out in the cylindrical surface, and 
bent to meet obliquely in two overlapping layers. 

This winding, too, may be grouped as wave or lap 
winding, as will be seen &om Figs. 45 and 46. Its 




Fig. 45. — Barrel Winding, Wave Grouping. 

main disadvantage is that it makes the total length of 
the armature greater ; on the other hand, the wires are 
perfectly free, and their ventilation and cooling are 
excellent. The armature is usually provided with 
projecting brackets at the ends to support the winding. 
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The simplest construction of a barrel winding is 



Fra. IG.— Bfurel Windiag, Lap Oioaping. 

shown in Fig. 47. A copper strip is first bent over its 
edge and then into the proper shape. The dotted line 
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FiQ. 47.— Section of Barrel Winding (Bent Strip). 

in Fig. 47 indicates the shape of the copper strip for a 
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lap winding, the full line for a wave winding. Another, 
more elaborate construction, is shown in Fig. 48. This 






Fia. 48.— Section of Barrel Winding. 



winding consists of two bars, I and II, which are held 
together by metal clips. 

A combination of the barrel and the evolute winding 
is shown in Fig. 49. On one side evolute-shaped strips 






Fig. 49. — Section of Barrel-evolnte Winding. 

are used, on the other side the bars are bent into shape 
for the side connections. 



$6 - CONTINUOUS CURRENT ARMATURES 

In all coiiBtructionB, in which each winding element 
consists of several pieces (as in tiie constructiona shown 
in Figs. 45, 46, 48, and 49), it is of extreme importance 
that both the electrical and mechanical connection be- 
tween the bare and the side connectore should be as 
perfect as possible. Thus the conductora and side 
connectors should not only be riveted together, but, 
wherever possible, they should also be soldered. Im- 
perfect joints may not only cause a great ohmic loss, 
and consequently excessive hearing of the armature, but 
may, as has been mentioned already, give rise to 
excessive sparking {internal currents). 



Fio. 50.— Loc^ Winding. Fio. 51.— Wave Wilkling. 

Whether a barrel-wound armature is lap- or wave- 
grouped is easy to tell from a glance at the winding of 
the finished armature. In the former case both the side 
connections from one conductor are running in the same 
direction, while in the latter case they run in difierent 
directions (Figs. 50 and 51). 

A complete armature provided with barrel winding 
is shown in Fig. 52. 



Fio. 52. — Barrel-wonnd Atmatun. 
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(c) Former Windings 

In these types of windings the individual coils are 
first wound or shaped upon a frame or former, the 
cotton-covered wire being first of all dried ; each coil is 
then separately insulated, usually by winding with dry 
tape, baking, varnishing, and baking again. The tape 




^ 
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Fig. 58. — Former-wound Coil. 

is generally half lapped to avoid undue thickness. Some- 
times, however, the coils are wound in a straight loop 
(see Fig. 53), and then brought into the proper shape 
either by hand or by means of shaped blocks, sometimes 
^ by means of .pLuy coost^cSj bending maekine. 
The finished coils may either be evolute-shaped or 
barrel-shaped. There are very many different methods 
of manufacturing these coils; a few of the typical 
methods will be described. 
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One of the simplest former windings is shown in 





Fig. 54. — ^Foraier-wotind CoiL 



Fig. 53. The wire is wound in several turns round 
two bolts, A and B, and then taken off these ; it forms 




Fig. 55. — Former Block. 



a simple, straight loop. Next, the two sides 1 and 2 
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are clamped between two wooden blocks, and drawn 
from each other. In this way we get a former coil, as 
shown in Fig. 53, 6 ; by building together these formers 
we get a barrel-shaped armature. 

The single formers may be insulated either before 
or after they are bent into shape. With very small 
armatures it is not necessary to bend the formers into 
shape, but this may be done by putting the formers into 
the slots. Sometimes the wires are wound on a circular 
block ; they have then the shape of a ring instead of a 
loop. 




Fig. 50. — Former- wound Coil. 

Another way is to wind the wire round the bolts 1-8, 
as shown in Fig. 54 ; if these formers are bent into 
shape and built up on the armature, they give an 
evolute-shaped winding. 

The former coils may also be wound directly into 
shape, as shown in Fig. 55. 

Finally, Figs. 56-59 show various-shaped forme]^ 
coils and complete former-wound armatures. 

The former shown in Fig. 56 consists of three 
complete coils, each turn of which has two wires con- 
nected in parallel. Such a former is suitable for the 



6o CONTINUOUS CURRENT ARMATURES 

winding described on p. 32. The complete armature 
wound in this manner is shown in Fig. 57. 

The method of placing the formers into the slots 
will be clear from a glance at Fig. 58. The formers 
consist here of bent copper strips. 

Fig. 59 shows a very large former- wound armature, 
the foler, being M»le up of stout copper wires. 



FiQ. 57. — Former-wound Atnuituro. 
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CHAPTER III 

THE CONSTRUCTION OP ARMATURES 

(a) The Core 

The core of a continuous current armature consists of 
a number of stampings hydraulically pressed and kept 
together by means of bolts and screws, or by specially 
fixed plates. 

The stampings should be of very soft charcoal iron, 
the thickness of which is generally about 0*5 mm. ; as 
the eddy current losses are proportional to the square 
of the thickness of the stampings and the square of the 
frequency, it is advisable to use thinner stampings 
(about 0*3 mm.) for machines the frequency of which, 
ie. the number of pairs of poles times the number of 
revolutions per second, exceeds 25 to 30. 

With small machines, having a diameter up to about 
0*6 m., the core discs are generally stamped out of 
one piece. Where the armature exceeds the above 
diameter, it is cheaper to stamp the discs in segments 
and build the core up of the single segments ; the latter 
should overlap in successive layers, as indicated in Fig. 60. 

The discs must be stamped out very accurately, so 
that it should not be necessary to turn the outer surface 
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after assembling the armature. Should the periphery 
of the armature, however, be too irregular, it may be 




Fig. 60.— ArraDgement of Disc Segmenta. 

ground over, but should never be turned. It has been 
found by numerous experiments that turning the peri- 
phery of an assembled armature increases the eddy current 
losses sometimes by as much as 30 to 50 per cent 

It is necessary to insulate the core discs from each 
other; this may be done by building the core up of 
iron and thin paper discs alternatively. Frequently the 
paper is pasted by machinery to the iron discs prior to 
stamping them out The thickness of the paper used 
varies from 0*05 to 0*1 mm. Sometimes the discs are 
painted on one side with varnish or with waterglass 
enamel. It has also been found that the mere existence 
of a film of oxide of iron is sufficient insulation. 

In the case of armatures which are turned after 
they are assembled, or in which the slots are not 
stamped, but milled out, it is advisable to insert 
between each thirtieth or fortieth disc a sheet of fibre 
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or presspahn of about 0* 5 mm. thickness, so as to reduce 
the disadvantageous effect of the turning or milling. 

The effective cooling of the armature is of extreme 
importance. In some cases, more especially with small 
armatures, it is sufficient to stamp several holes into 
the armature, as indicated in Fig. 61. With larger 
armatures, however, it is necessary to provide radial 
ventilation ducts. To keep the core discs apart at 




Fig. 61.— Ventilation-holes in Annatare Disc. 

these ventilating ducts, distance pieces must be in- 
troduced. 

Some such devices are shown in Figs. 62-65, and 
do not require any further explanation. 

The ventilating ducts are generally inserted at 
distances of about 5 to 8 cms. 

Although up to about ten years ago smooth-core 
armatures were in vogue, modern machines are almost 
exclusively provided with slotted armatures. The follow- 
ing are the most important advantages of slotted, com- 
pared with smooth armatures : — 
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(1) The air-gap may be reduced bo far as is 
allowable with regard to the armature reactioo, and 




Fioa. 62-e3.— Method of ooiutrietion of Teotilatian Dnota in kitaaXwK, 



thus a considerable amount of copper for the excitation 
may be saved. 

(2) The eddy current losses in the armature con- 
ductors are considerably smaller with slotted than with 
smooth armatures. 

(3) By making the induction at the bottom of the 
teeth very high, the reaction of the armature on the 
magnetic field is reduced ; besides, an increase of 
the tooth induction has a similar effect on the commu- 
tation as an increase of the air-gap. 

(4) The mechanical construction of the winding is 
much better and cheaper with slotted than with 
smooth armatures. 

(5) Owing to the exposure of the cylindrical surface 
of a slotted armature, the cooling is &cilitated. 



66 



CONTINUOUS CURRENT ARMATURES 



Slots are generally stamped out of the single discs, 
and in few cases only are they milled out after the 
armature has been assembled. 
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A few of the most usual slot-shapes are shown in 
Fig. 66, 1-8. Nos. 1 and 2 may be either punched or 



THE CONSTRUCTION OF ARMATURES 67 

milled ; both are open, and therefore require binding 
wires to keep the afmatnre windings in place. Nos. 3 
and 4 are also open, but have grooves through which 
wedges may be drawn, and the slot thus dosed. 
Though binding wires are not. essential in this case, they 
are generally provided as im additional security. Nos. 
5, 6, and 7 are partly closed. They have the advantage 
of securing the winding very well in its place, but offer 
some difi&culties to the placing of the windings in the 
slots ; more especially is this the case with former-wound 
coils. No. 8 shows two perfectly closed slots, which are 
used in exceptional caaes only. 

The arrangement of the windings in the differently 
shaped slots is shown in Fig. 67. No. 1 shows a wire 



Fjq. 67.— Anangement of Win and Fonner Windiuga in Slot. 

winding in an open slot, No. 2 a similar winding in a 
partly dosed dot. The winding is secured in its place 
by means of a wedge-shaped strip of wood. No. 3 
shows a former winding in an open slot. The slot 
is dosed by means of a strip of fibre, wood, or a 
similar material, over which the binding wires are wound. 
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No, 4 shows a former winding in an open slot ; the 
winding is here again secured by a wedge, which is 
drawn through the groovea at the upper end of the 
slot 

Similar arrangements for bar windings are shown in 
Fig. 68, 1-3. 

Before the winding (whether hand or former wind- 
ing) is phtced in the slots, the latter must be suitablj 



2 

Via. 68.— Arrangemeiit of Bar Windiogs ia Slot. 

insulated. The quality and thickness of this insulation 
varies, of course, according to the voltage of the machine. 
While for flower voltages, up to about 250, presspahn 
and oiled linen or paper will suffice, a layer or two of 
either pure mica or one of the mica compounds, such as 
mica cloth or mica paper, should be added in the case 
of madiines up to 550 volts. 

The following table gives details about the slot 
insulation which should be used for the various types 
of windings and different voltages : — 
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Tvpeof 
winding. 


Voltage. 


PreMpahn. 
mm. 


Oiled clotb 

or ]Mti»er. 

mm. 


Mica, or 

mica 00m- 

pounds. 


Manila 

paper. 

mm* 


Fresspahn. 
mm. 


Total thick. 

neeaof 

insulatioD. 

mm. 


Hand ... 
Former ... 
Bar 


-110 


0-2 
0-2 
0-2 


0-2 
0-1 
01 


— 


01 
0-1 
0-1 


0-2 
0-2 
0-2 


2x0-7 
2x0-6 
2x0-6 


Hand ... 
Former ... 
Bar 


-220 


0-2 
0-2 
0-2 


2x0-2 
0-2 
0-2 


•H^ 


2x0-1 

2x0-1 

0-1 


0-2 
0-2 
0-2 


2x1-0 
2x0-8 
2x0-7 


Hand ... 
Former ... 
Bar 


-550 


0-3 
0-3 
0-3 


2x0-2 
2x0-2 
2x0-2 


2x0-2 
2x0-2 
2x0-2 


2x0-15 


0-3 
0-3 
0-3 


2x1-7 
2x1-4 
2x1-4 


Insulation \ 
between 
coils or 
formers j 


-220 


0-3 


— 


— 


— 


— 


0-3 


» 


-550 


0-2 


— 


0-1 


— 


0-2 


0-5 



The insulating materials must, of course, always be 
so arranged that the mechanically weak materials, such 
as, for instance, oiled paper and linen, manila paper, etc,, 
are placed between the mechanically stronger presspahn. 

With smooth armatures driving horns must be pro- 
vided on the periphery; these driving horns consist 




Fio. 69. — Driving Horn on Smooth Annatore. 

generally of metal strips, which are wrapped in press- 
pahn, leatheroid, or the like, and driven into the milled 
slots (see Fig. 69). The driving horns should be placed 
in distances of about 6 to 10 cms. 

Both in smooth armatures and in armatures with 
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open Biota the windings must be kept down by means 
of bands of binding wires. Small armatures having 
partly closed slots do not require any binding wires, 
while these are nearly always provided with latge arma- 
tures and partly closed slota 

In the case of slotted armatures the core is sometimes 
constructed with shallow channels around the periphery 
to receive the binding wires (see Fig. 70). For this 



Fia. 70.— Channel for Binding Wiiea. 

purpose some of the core discs will be stamped with a 
slightly smaller external diameter, the reduction in the 
diameter being as a rule not more than about 2*5 mm. 

The binding wires must be very strong, as they have 
to resist the centrifiigal forces of the conductors, which, 
especially with machines for higher speeds, may be very 
considerable. The materials commonly used for bind- 
ing wires are steel, bronze, and phosphor bronze, and 
occasionally brass. 

For large machines it is absolutely necessary that 
the area of the binding wires should be calculated. For 
this calculation the foUowing formula may be used : — 

^-=3i00DC ■ • • • (14) 
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where 

A«, = total cross-sectional area of the binding wires 
in sq. mm. 

Z = total number of conductors on the circumfer- 
ence of the armature. 

a = cross-sectional area of each conductor in sq. 
mm. 

I = length of conductors in cm. 

V = peripheral speed of armature in cm. 

D = overall diameter of armature in cms. 

C = tensile strength of the binding wire used in 
kg. per sq. cm. 

The tensile strength for the diflferent materials used 
is as follows : — (SvyvS) 



Brass wire 


: 5000 


Bronze wire 


: 4600-7000 


Phosphor - bronze | 
wire J 


: 7000-8000 


Steel wire 


:6500 



Under each belt of binding 
wires a band of insulation must 
be laid, which should consist of 
one layer of very thin presspahn 
and another layer of mica. 
Under each belt of binding 
wires a thin strip of brass is 
also laid; and after the wire Pio. 7i.—Band of Binding 
has been wound on the anna- Wirea. 

ture, the ends of these strips are turned over and 
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soldered down to secure the two ends of the binding 
wire (see Fig. 71). 



(6) Mechanical Constrdction op Armatxjres 

For holding together the core discs and keying them 
dther directly or indirectly to the shaft, various methods 
are employed. 

The simplest metiiod is shown in Fig. 72. The shaft 
baa a shoulder on one side, against which the brass or 



Fio. 72.— Annature Conitrootion. 

iron plate is resting. A central hole is pinched in the 
discs, the diameter of which is equal to that of the shaft. 
After the discs are pushed over the shaft, they are 
pressed together by another plate, which is kept in its 
position either by a hot ring, or, as in the case of 



THE CONSTRUCTION OF ARMATURES 73 

Fig. 73, by a nut. In the cooBtructioD shown in Fig. 74 
the end plates are omitted, and the diaca are secured in 



Fig. 73. — Annftttire Cmitmotion. 



Fio. 74. — Antutim Conitraotloii. 

their position by means of two shrunk rings, and are 
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kept together by a number of bolts ; the latter should 
be instilated from the core by means of fibre tubes. 
In all the constructions shown in Figs. 72-74 the core 
is secured against a peripheral motion on the shaft by 
means of a key. 

The types shown hitherto are, of course, \ised for 
comparatively small machines only ; with large arma- 
tures it would be wasteful to make the discs full, and 
besides, the ventilation of the armature wotdd be poor. 



i 

Fio. 75. — Armatme ConitraotioD. 

On the other hand, the great simplicity and cheapness 
of this construction speaks very well for its application 
to even medium-sized armatures. 

Fig. 75, for instance, shows the construction of an 
armature fora 10-KW. four-pole machine. The core discs 
are directly keyed on to the shaft, and are provided 
with holes for the ventilating ducts. Besides, the arma- 
ture is divided into two parts by a central ventUating 
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duct. The side rings or plates form at the same time 
brackets, on which the projecting winding is resting. 
The air-gap of this machine being very small, four 
binding wire channels are provided (not shown in the 
illustration). 

As a rule the side plates do not cover the teeth, but 
terminate just below the bottom of the slots. In order 
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to prevent a bending out of the teeth in the last few 
core discs, these are made somewhat thicker than the 
rest of the discs ; the thickness of these last plates is 
generally about 1 mm. 

A similar construction to the last one, but suitable 
for larger armatures, is shown in Fig. 76. Instead of 
being keyed directly to the armature, the core discs 
are here keyed to a spider. One of the brackets and 
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side plates is cast together with the spider, while the 
other bracket is fixed to the spider by means of screws. 

A simple construction for a medium-size armature is 
shown in Fig. 77- This construction ia suitable for 
eyolute-wound armatures. 



1. 77. — AntntDie Couatniotioa. 



Another construction for a large evolute-woond 
armature is depicted in Fig. 78. The discs are kept in 
position by several keys ; the end plates are kept 
together by means of screws, which do not pass through 
the discs, but just below them. An insulation of the 
bolt is therefore not necessary. 

A somewhat similar construction for Tery large arma- 
tures (up to 2 to 3 m, diameter) for evolute windings 
is shown in Fig. 79. The stampings are kept in position 
by the wedge-shaped ends of the spider ribs. 
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